Recent studies have indicated that despite stringent sterilization processes, the reusable silicone laryngeal mask airway (LMA) has the potential for disease transmission through residual biological debris. As a result, a polyvinyl chloride (PVC) disposable LMA has been introduced.
Since its introduction, Brain's laryngeal mask airway (LMA) has established itself as a useful airway device in anaesthetic practice 1 . The original LMA is a reusable device that can undergo repeated sterilization. Recent studies have, however, raised concerns about the ability of hospital sterilization procedures to completely remove all biological debris and proteinaceous material from reusable LMAs 2 .
This has led to the development of a single-use, disposable form of the LMA (the Portex ® LMA or PLMA). Similar in appearance to the classic siliconebased reusable LMA, the disposable PLMA is composed of medical grade polyvinyl chloride. While the PLMA has been found to perform similarly overall to the reusable LMA in ventilated patients given muscle relaxants 3 , conclusions drawn from this comparison may not necessarily reflect the clinical situation in spontaneously ventilating patients. As a result, this study was conducted to compare the two types of laryngeal airways in spontaneously ventilating patients.
METHODS
After obtaining ethics committee approval from the Royal Melbourne Hospital Human Research Ethics Committee, operating theatre lists were screened for suitable patients. These patients were recruited on the day of their scheduled operation through the Pre-admission Clinics and Day of Surgery Units at both the Royal Melbourne Hospital and St. Vincent's and Mercy Private Hospitals using a Participant Information and Consent Form.
Patients were deemed suitable for inclusion in the study if they were scheduled for surgery under general anaesthesia with spontaneous ventilation. Normal contraindications for LMA usage were applied and thus patients were excluded if they were morbidly obese (based upon a BMI of >35 kg/m 2 ), were not appropriately fasted, had a history of active oesophageal reflux disease, were under 16 years of age, were pregnant and/or required a prone position for the operation. Patients, who gave written informed consent, were allocated sequential code numbers pre-randomized to airway management via disposable laryngeal mask airway (Portex Soft Seal Laryngeal Mask) or reusable laryngeal mask airway.
Prior to induction of anaesthesia and insertion, the LMA or PLMA was tested for leaks and herniation by inflating the cuff. The cuff was then fully deflated and lubricant was applied to its posterior aspect.
Anaesthetic management was standardized with monitoring of ECG, non-invasive blood pressure and pulse oximetry in addition to end-tidal CO 2 and agent analysis. Patients breathed 100% oxygen for one to two minutes prior to intravenous induction of anaesthesia. The choice of induction and maintenance agents was left to the discretion of the consultant anaesthetist. All details of anaesthetic agents and dosages were recorded; any additional propofol required to insert or reinsert the LMA after induction was noted separately. Anaesthesia was maintained throughout the operation with oxygen, nitrous oxide and volatile agent as deemed suitable by the attending consultant anaesthetist. Total intravenous anaesthesia was available but not utilized by any of the consultant anaesthetists.
Once anaesthesia had been induced satisfactorily and eyelash reflexes were confirmed to be abolished, the relevant LMA or PLMA of appropriate size was inserted according to the manufacturer's instructions with the cuff initially fully deflated. Ease of insertion was then scored by an observer based upon the number of attempts required by the anaesthetist to achieve a satisfactory airway. A subsequent "attempt" was defined as the physical removal and reinsertion of the airway from and into the oral cavity between unsuccessful insertions. When the anaesthetist was satisfied that the airway was in the correct position, the cuff was inflated with air and the intracuff pressure was set to 60 cmH 2 O as measured by an aneroid manometer. Correct positioning was functionally confirmed by capnographic tracing and sighting position of the printed line on the shaft of the LMA or PLMA lying midway between the incisors.
An aneroid manometer was connected to the pilot tube of the airway. Pressure measurements were taken immediately following the connection and at 15 minute intervals thereafter. At the conclusion of the operation the LMA or PLMA was left in place until the patient was awake in the recovery room, at which point it was removed. Fifteen minutes following removal of the LMA or PLMA patients were asked by nursing staff in the recovery area whether or not they had a sore throat. This was recorded as either present or absent. The degree of sore throat discomfort was not sought.
All LMAs and PLMAs were inserted by consultant anaesthetists who had previous experience with the airway. Data was collected by an observer not involved in the anaesthetic management of the patient through a standardized evaluation. Preoperative data collected included ASA status, age, gender, weight, and nature of the procedure. Times at which induc-tion of anaesthesia, insertion of the airway and removal took place were all noted.
Sample size was selected on the basis of a prospective power analysis with ease of insertion considered to be the primary endpoint. We used the reported incidence of first-attempt successful insertions of reusable LMAs in non-paralysed patients of 90% 4 and a minimum clinically important difference of 20% for the disposable PLMA (i.e. 70% vs 90%). Under these conditions, a sample size of 62 patients per group was estimated to be appropriate for P=0.05 and α=80%. Patient characteristics were assessed with unpaired Student's t-tests (age, weight, duration of airway, drug doses, inspired gas proportions), Fisher Exact tests (gender, patient position, LMA size) and Chi-square (ASA Class). Success of airway insertion was assessed as inserted successfully on the first attempt vs more than one attempt, and tested with the Fisher Exact test. The Fisher Exact test was also used to compare the groups for proportion of successful airway insertions with the indicator line midline between the incisors, as well as for the incidence of sore throats, and the relationship between sore throat and type of airway. Cuff pressure change was assessed with Student's t-test, as was absolute cuff pressure at 15 minutes after airway insertion. All data are presented as mean±standard deviation, or as proportions. Significance was accepted at P<0.05.
RESULTS
All patients enrolled in the study were included for analysis. Patient characteristics, LMA characteristics, sedative drug doses, and inspired gas proportions are presented in Table 1 Excluding the cases where the LMA failed to achieve a successful airway, the black line on the shaft of the airway was not sighted midway between the incisors in 7% of cases with the disposable PLMA and in 5% of reusable LMA cases (P>0.05). All patients with a successful PLMA or LMA insertion had normal CO 2 traces, indicating that although position may not have been ideal in the cases where a midline black line was not sighted, a functional airway still resulted.
The mean cuff pressure change at 15 minutes postinsertion in the disposable PLMA group was 3± 9 cm H 2 O (mean±SD), whereas that for the reusable LMA group was 18±12 cmH 2 O (P<0.001), resulting in values of 63±9 and 78±12 cmH 2 O, respectively at 15 min (P<0.001). Patients with failed airways were omitted.
In the disposable PLMA group, only 20/61 cases lasted 45 minutes or more post-insertion, whilst in the reusable LMA group, there were 23/77 cases. For these cases, the mean cuff pressure changes at 45 minutes post-insertion were 73±14 cmH 2 O for the disposable PLMA group and 130±27 cmH 2 O for the reusable LMA group. No further statistical analyses were performed for this data.
A total of 17 patients in the study reported a sore throat 15 minutes post-expulsion of the LMA; six of these patients were from the reusable LMA group and 11 from the disposable PLMA group (P>0.05). All patients who reported a sore throat had a successful airway using the LMA or PLMA. There was no significant relationship between the incidence of sore throat and number of insertion attempts (P>0.05).
DISCUSSION
The primary endpoint chosen for the study was "ease of insertion" of the laryngeal mask. Whilst the original silicone LMA has established itself as a useful airway management device in anaesthesia, the recently developed disposable PLMA has not been formally compared to the reusable LMA in the airway management of spontaneously ventilating patients. The disposable PLMA has a shaft that appears to be stiffer and less flexible than the reusable LMA due to the physical properties of PVC compared to silicone. It has therefore been suggested that anaesthetists using the disposable PLMA would face more difficulty in negotiating passage of the airway into the pharynx to reach the laryngeal inlet for a successful insertion. Results from this study have shown that both airways have remarkably similar first attempt successful insertion rates (84% for the reusable and 79% for the disposable), and therefore the differences in design construction and physical characteristics may not significantly alter the ability to insert the disposable PLMA. The difference in first attempt successful insertion rates was relatively small, particularly in comparison to the 20% we considered to be the minimum for a clinically important difference. Although the rate of first attempt insertion was slightly lower than expected, the study still had sufficient power to detect a 20% divergence between the disposable and reusable LMA with the samples as studied (with 80% power at P=0.05). It was also observed that in several cases, a failure to insert and position the airway may have been due to inappropriate LMA size selection. The general trend seen at the study hospitals was that anaesthetists tended to favour a size 3 for females and a size 4 for males, whereas current recommendations suggest a particular size LMA for a range of weights rather than gender specific assignment.
Results for first attempt insertion success rates were considerably lower than that reported by Brimacombe in his comparison of the airways in paralysed adult patients (97% for the disposable and 98% for the reusable) 3 . The first attempt insertion success rates found in this study are comparable to that reported by Marjot (86% for the reusable LMA) in a study of LMA cuff pressures also conducted in spontaneously ventilating patients 5 . This seems to suggest that neuromuscular blockade improves ease of insertion, despite studies that show depth of anaesthesia is a more important factor 3 . Only a few patients in both study groups required additional administration of propofol in order for the LMA to be successfully inserted.
The gold standard for assessing correct positioning of the LMA is through fibreoptic scoring of the appearance of the vocal cords as described by Brimacombe 6 . This was not attempted in this study for technical reasons. Sighting of the line on the LMA shaft in relation to the incisors and capnographic tracings were used as alternative measures of correct LMA position. All patients in the study with a successful airway displayed normal capnographic tracings, including those in which the line on the LMA shaft was not in fact located midway between the incisors. Nitrous oxide is known to diffuse into the LMA cuff during anaesthesia, particularly if the cuff has been inflated using room air 7 . Several studies have shown that as a result of this diffusion, cuff pressures can increase by up to 20% in the first half hour and may transmit lateral pressure on the pharyngeal mucosa 3, 5, 8 . This transmitted pressure can exceed the critical pharyngeal perfusion pressure 9 , and consequently result in mucosal ischaemia, although the incidence of this occurring is probably low 10 . Moreover, there have been several anecdotal reports that lingual and hypoglossal nerve injuries have resulted from the pharynx being compressed against hard tissues such as the hyoid bone or cervical vertebrae due to high cuff pressures [11] [12] [13] . Concern about such pharyngeal morbidities has led to recommendations that the cuff be inflated to a "just-seal" pressure, with some authors claiming a pressure as low as 22 mmHg (~30 cmH 2 O) provides an adequate seal without significantly affecting tidal ventilation 14 . Manufacturers have advised that the maximum pressure should be 60 cmH 2 O to minimize trauma and sore throats, and that cuff pressures be monitored intra-operatively with intermittent withdrawal of air as required.
Results from this study have shown that 15 minutes post-insertion of the LMA, mean cuff pressures of both reusable and disposable groups exceeded the maximum recommended by manufacturers. However, the mean cuff pressure in the disposable group (63 cmH 2 O) was significantly lower, and closer to the recommended value, than the reusable group (78.2 cmH 2 O). The increase in cuff pressures and the reduced cuff permeability in the disposable group are consistent with the report by Brimacombe, and have been attributed to the thicker cuff of the disposable LMA, rather than the properties of PVC, since PVC is permeable to nitrous oxide 3 . These results suggest that it is reasonable to expect a reduced incidence of postoperative pharyngeal morbidity in the disposable group, as a smaller pressure change would be expected to result in less pressure transmitted laterally. No significant pharyngeal morbidity was noted in the immediate postoperative period and there was no statistically significant difference in the incidence of sore throats between the groups. Patients were not followed up beyond the recovery room for other possible indicators of pharyngeal morbidity such as dysphonia and nerve injury. Until further studies can definitively indicate that cuff pressure changes do not contribute significantly to pharyngeal morbidity, it would seem prudent to maintain as low a cuff pressure as possible to offer greater safety to patients. The disposable PLMA may thus be beneficial from this point of view in procedures where nitrous oxide anaesthesia is employed.
Smaller increases in cuff pressure may also be beneficial in reducing the likelihood of displacement of the LMA and providing a good seal at the level of the laryngeal inlet. An LMA with an inadequate seal is more likely to leak and the possibility of gastric inflation with or without a resultant aspiration may occur with intermittent positive pressure ventilation. Brimacombe has suggested that soft low-pressure cuffs fit into the variable contours of the laryngeal inlet better than tense high-pressure cuffs 3 . This study did not seek to examine and compare the quality of the seal at the laryngeal inlet for the disposable PLMAs and reusable LMAs, and further studies are required in order to test this assumption.
No statistical analysis was done to compare cuff pressure changes beyond the fifteen minute postinsertion interval due to the limited number of cases that terminated beyond this interval. Calculated mean cuff pressures changes for the cases that lasted up to 45 minutes however, do seem to suggest that the disposable PLMA has smaller cuff pressure rises than the reusable LMA for longer surgical cases.
Recent concerns about the emergence of diseases transmitted through infective protein prions, such as variant Creutzfeldt-Jakob Disease (vCJD), have led to several studies examining the efficacy of hospital LMA sterilization processes. These studies have indicated that current sterilizing techniques for LMAs may not be totally effective in removing all biological debris, with one author suggesting that all LMAs should be single-use or covered with disposable sheaths to prevent disease transmission 2 . Prions are resistant to deactivation by most sterilization techniques currently in practice 2 . Chemicals such as sodium hydroxide and sodium hypochlorite have been shown to be effective in removing them, but the concentrations required may cause rapid deterioration of the LMA silicone structure. Post mortem examinations of vCJD patients have shown that prions have a tendency to accumulate in particular areas of the body, including the tonsils 2 . This has resulted in the Department of Health in the United Kingdom recommending that any LMA used during a tonsillectomy be discarded afterwards 15 . Although prions are not detectable in saliva and the mere passage of the LMA cuff over the tonsillar bed does not contribute to significant contamination 5 , it is possible that future discoveries of new or evolved diseases transmitted through prions may pose a greater risk of cross-infectivity than at present.
Finally, there are some financial considerations.
DISPOSABLE VS REUSABLE LARYNGEAL MASK AIRWAY
Based upon the purchase price from the Supply Division of the study hospital, a new reusable LMA costs in the region of AUD$200 with manufacturers recommending that they be discarded after 40 decontamination cycles. This amounts to approximately AUD$5 per use, but does not include the actual cost of the sterilization processes, nor the cost of tracking of use and cleaning and sterilization when performed, to ensure that the reusable LMA is not used beyond the recommended lifecycle. An unpublished estimate obtained from the Royal Perth Hospital, Western Australia -a hospital similar in size to the study hospital -places the costs of such processes at AUD$12.50 for a sterilization cycle that involves 30 units simultaneously and lasts 12 minutes in total (personal communication). This amounts to a total of AUD$17.50 per use given that a bulk sterilization process is applied. Another unpublished estimate obtained from the Mount Waverly Private Hospital places the cost of single use of the reusable LMA at $21.60, but this was based upon a single unit rather than bulk sterilization process (personal communication). In contrast to the reusable LMA, a single disposable PLMA was purchased for AUD$20 at the time of the study, with a recent study by Paech indicating that prices are now in the vicinity of AUD$18 per unit 16 . There are obviously no additional costs for decontamination or tracking with disposable PLMAs. Costing exercises are complex, varying from institution to institution, and are dependent upon the number of units sterilized per day. However, estimates indicate that the costs per unit are similar whether a LMA or PLMA is used.
In conclusion, the disposable PLMA appears to provide an adequate airway in spontaneously ventilating patients; it appears to be no more difficult to insert than the reusable silicone LMA, and shows less increase in cuff pressure during N 2 O anaesthesia. It has a substantial advantage from an infection control point of view, being disposable after a single use, with no risk of disease transmission between patients, and carries a similar overall cost per use.
